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ABSTRACT
Mortality rates are considered to be a marker for a society’s overall health and well-being. In the
United States, there exist pronounced disparities between urban and rural areas regarding
mortality and physician supply. The objective of this research is to ascertain differences in the
social determinants of cancer mortality at the county-level, based on level of amenability to
treatment in urban and rural areas. Multivariate OLS regression is used to analyze the
associations between demographic, economic, and health predictor variables with more and less
amenable mortality, separated by urban and rural distinctions. Results indicate that there are
clear differences in the predictors of more and less amenable cancer mortality, especially in rural
areas. Non-medical, socioeconomic factors are found to have greater significant impacts on
mortality in rural areas more so than urban areas.
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INTRODUCTION
Mortality statistics are used as a measuring stick for a society’s overall health and wellbeing. According to the epidemiological transition theory (Omran 2005), as societies become
more industrialized their mortality rates decline. The United States, however, is a conundrum as
it is among the most developed and wealthy nations in the world yet its population health
statistics do not correspond accordingly, particularly given the high proportion of GDP spent on
health care (Ho and Preston 2010; Kim and Lane 2013). This is indicative of an inefficient health
care system, and perhaps even a population health crisis, that is, despite being home to some of
the best health outcomes in the world, tremendous disparities exist between race, ethnic, gender,
socioeconomic, and place-based population subgroups in the U.S (Murphy et al. 2018).
The focus of the present work is on disparate outcomes associated with place, specifically
urban and rural areas, where there has been a persistent and increasing gap in mortality rates
(James 2014; Cossman, James and Wolf 2017). For many decades, total mortality in urban areas
exceeded that of rural areas; however, with monumental improvements to public health, such as
improved sanitation and medical care, this phenomenon has caused a reversal that led to rural
areas suffering higher levels of mortality, also known as the rural mortality penalty (James
2014). Cossman et al. (2010) found that in 2005 alone there were an additional 40,201 deaths
which could have been avoided if there was no mortality disparity between urban and rural areas.
This represents a melancholic illustration of the inequalities that exist based on something as
simple as location.
While all-cause mortality provides a baseline understanding of disparities in population
health, it is imperative to consider cause-specific mortality. Kochanek et al. (2019), list the top
five leading causes of death in 2017 as: heart disease, cancer, unintentional injury, lower
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respiratory disease, and stroke; which account for over 60% of all deaths in the United States.
Deaths from cancer specifically accounted for 21.3% of all deaths in 2017. However, the
geographic patterns of cancer deaths have changed since the turn of the twenty-first century.
There was once only a slight gap between urban and rural areas in the cancer death rate, but it
has continuously widened between 1999–2014 (Hall and Owings 2014; Moy et al. 2017; Long,
Hanlon, and Pellegrin 2018). One primary reason for the rural disadvantage in cancer deaths is
that rural areas typically see a smaller proportion of primary care physicians and specialists,
which can have detrimental effects on health (Fordyce et al. 2007). This research investigates the
role of cancer-specific health infrastructure in rural places on the disproportionate cancer
mortality outcomes experienced by rural Americans.
The research conducted in this paper specifically focuses on the association between the
supply of physicians and its effect on most and least amenable cancer mortality between a rural
and urban context, net of other established demographic and socioeconomic factors proven to
effect place-based health outcomes. More specifically, I examine how the supply of primary care
physician and cancer specialists affect the rate of cancer mortality across rural-urban
designations of counties. The research questions are: 1) Is there an association between the
supply of primary care physicians and the cancer mortality rate? 2) Is there an association
between the supply of specialty care physicians and the cancer mortality rate? 3) Do the
associations ultimately differ between rural or urban places? 4) Do the associations differ based
on cancer types that are more or less amenable to treatment?
LITERATURE REVIEW
Mortality is an essential measure of health and well-being in a society and has been
studied extensively in the population health research in recent decades. Over the previous two
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centuries, the typical life expectancy at birth has risen, and the mortality rates have fallen
dramatically for developed nations (Bongaarts 2005). The reason for these improvements is
primarily due to the groundbreaking innovations and advancements of public health, economic
development, standard of living, and medical advancements (Cutler and Miller 2005; Yang 2008;
Niu and Melenburg 2014). However, the most recent annual report on mortality trends from the
National Center for Health Statistics (NCHS), reported that there was a slight increase in the
death rate in the last year, and notwithstanding, there has been constant fluctuation with death
rates in this particular decade (Murphy et al. 2018; Kochanek 2019). Moreover, there have also
been consecutive declines in average life expectancy in recent years (Arias and Xu 2019). This is
significant because these decreases in life expectancy marked the first two-year decline since
1964 (Xu et al. 2018) and first three-year decline since World War I, prompting concern among
population health experts (Bernstein 2018).
Ma et al. (2015) examined mortality trends within the United States from 1969 to 2013
and found that there has been an across-the-board decrease in age-standardized death rates. They
discovered that for all leading causes of death, there have been steady declines for decades;
however, as of recently, it has been documented that the decreases in mortality have slowed
down (Crimmins and Beltran-Sanchez 2010). With specific regard to cancer-mortality, Ma et al.
(2015) reported a slight increase in death rates for a period of almost two decades (1973 to
1990). After this increase ended, there has been on average a steady decline each year since
occurrence (Ma et al. 2015). Nevertheless, even with this steady decrease in cancer deaths year
after year, it still makes up a significantly large share of all deaths in the United States, being the
second leading cause of death (Murphy et al. 2018).
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Many studies have examined the link between social determinants and cause-specific
mortality. The role of race, socioeconomic status, and education are key predictors of inequity in
health outcomes (Albano et al. 2007; Ho and Elo 2013; Masters et al. 2014). One example of this
is the black/white gap in life expectancy at birth, which has nearly halved from 6.5 years in 1987
to 3.5 years in 2017 (Arias and Xu 2019). In addition, health behaviors such as drinking,
smoking, and exercise play a critical role in individual and population health. I argue that social
determinants and health behaviors are influenced by their geographic context, a critical aspect of
medical sociology that is sometimes overlooked. This is problematic, due to the mortality
inequalities that are known to exist between urban and rural areas, and the substantial health
challenges faced by many rural communities (Choi 2012).
Place-Based Disparities in Health
Since the disparities between urban and rural cancer mortality are the core of this
research, it is imperative to highlight the many elements that contribute to these differences in
health outcomes. First and foremost is the issue of defining rural and urban. Specifically, there
has long been varying classifications of what constitutes a rural area, whether it be by county or
place, proximity to an urban core, and by specific population numbers (Flora, Flora, and
Gasteyer 2016). Most categorizations of rural are best described as a non-urban residual
grouping (Thiede, Kim, and Valasik 2017). Despite this, what many demographers and rural
sociologists describe as rural America is home to about one-fifth of the total United States
population. The residents face a disproportionate number of barriers to good health outcomes
(Choi 2012).
The disproportionate negative outcomes in health that exist in rural communities across
the United States are significant. Many of these poorer outcomes often are a result of specific
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adverse social factors that have long permeated rural areas to a greater extent than that of their
metropolitan counterparts. Within rural areas, there is often a greater level of hardship to contend
with. This ranges from higher levels of poverty, higher populations of people over age 65, lower
levels of education, all of which has been found to have direct links to health outcomes
(Thornton et al. 2016; Tickamyer, Sherman, and Warlick 2017; Parker et al. 2018). Rural
poverty, for instance, tends to be more concentrated and clustered than that of urban places,
especially within the southern United States (Thiede et al. 2017; Hertz and Silva 2019).
Moreover, there has been a rise of many disadvantages in rural places that exacerbate
health outcomes and poverty. These concentrated disadvantages come in the form of; high
unemployment, an increase in single-parent homes, and deeply segregated wealth between racial
minorities and white individuals (Burton et al. 2013). Nevertheless, the socioeconomic strain that
is felt greater in rural areas has a substantial burden on the health of the individuals there. In
addition, Ziller, Anderson, and Coburn (2010) explain that residents of these communities are
often less likely to seek out medical or health-related services due to the high costs that can be
accrued, which ranges from traveling to services, or paying for health insurance.
Another factor contributing to poor health outcomes in rural places is the shortage of
physicians and other medical professionals. Rural areas typically have about half of the
specialists of their urban counterparts; proportionally (Fordyce et al. 2007), and over 95% of all
rural counties have no surgeon of any type present (Choi 2012). Additionally, there is very
limited supply of emergency care, a service that is utilized by all in the event of an unexpected
health event that requires immediate attention, creating great concern for quality care in rural
areas (Burrows, Suh, and Hamann 2012). Even when there is emergency services present, many
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people use it as their only source of care, creating unnecessary overcrowding (GreenwoodEricksen, Tipirneni, and Abir 2017).
The combination of adverse social factors and shortage of quality care in rural areas has
helped to create a geographic divergence in health for the last several decades (Fenelon 2013).
Mortality in particular, which is a principal indicator of societal health, Moy et al. (2017), found
that during a 15-year period from 1999–2014, rural residents had higher age-adjusted death rates
from the five leading causes of death (heart disease, cancer, unintentional injury, respiratory
disease and stroke). Even more distressing is that the gap in mortality between urban and rural
areas has continued to grow. Cosby et al. (2019) found that in 2016, there were an additional
134.7 (847.65. vs 712.95 per 100,000) age-adjusted deaths among rural counties than urban,
which is a tremendous increase from just over a decade prior when there were only 76.97
additional deaths (913.13 vs 836.16 per 100,000). Additionally, the average life expectancy at
birth is currently 78.6 years (Arias and Xu 2019); however, in rural communities it is two years
shorter (Singh and Siahpush 2014). These statistics further illustrate that health outcomes are
largely dependent on where an individual lives, and that there is a place-based price that rural
Americans pay with their health.
As indicated in the rural mortality penalty literature, there have been a monumental
number of additional rural deaths that have occurred over the past few decades. Furthermore,
race-region combinations reveal an even higher level of disadvantaged health outcomes (Murray
et al. 2006; Cossman et al. 2017). Singh and Siahpush (2014), for instance, discovered that with
regard to race-specific mortality in rural communities, black men had the highest rates of
mortality for males, while Native American women had the highest rates among females. This
demonstrates the importance of race-region interactions. These excess deaths highlight the need
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to continue investigation into place-based mortality disparities by race, as well as cause of death
as more than half of excess deaths can be attributed to heart disease and cancer alone (Cossman
et al. 2010).
Rural Cancer Research
Much of the previously discussed research on rural health is focused on all-cause
mortality, however, cancer is the second leading cause of death in the United States (Murphy et
al. 2018), with particular challenges for those in rural areas. Meilleur et al. (2013), looked at
various works of literature on rural residence and the outcomes of cancer within these
communities. They found that across the board, that cancer incidence, treatments, and survival
are impacted negatively by rural residence (Meilleur et al. 2013). This is due to the travel to and
from treatment and the screening that may typically not be as frequent. The median travel time
rural residents often take to reach any specialized oncology care takes nearly an hour (Onega et
al. 2008). Also, Ward et al. (2014), found that residents of small and isolated towns in rural
communities travel, on average, three times longer than urban residents to receive radiation
therapy.
Charlton et al. (2015) suggest there is another travel-related barrier for rural cancer
patients: strain. This problem is two-fold, where patients have difficulty accessing the necessary
care, and secondly, it can be more strenuous for the person with cancer to travel altogether. Since
only three percent of all medical oncologists’ practice in rural areas, it makes it rather difficult to
avoid this travel for treatment (Kirkwood et al. 2014; Charlton et al. 2015). Another significant
barrier, as outlined by Meilleur et al. (2013) is the lower chances of cancer patient survival if
they are treated in smaller hospitals, which are predominantly located within rural areas. These
smaller hospitals typically are more likely to have general practitioners, rather than specialty care
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physicians. Relative to their population, these hospitals also have about half the number of
specialists, or less, compared to their urban counterparts (Fordyce et al. 2007; Charlton et al.
2015). Moreover, for the past several years, there have been a plethora of hospital closures across
rural America. The annual rates of hospital closures has been steadily increasing each year in
rural America since 2010, which poses serious challenges for patients of those communities who
may be required to travel further distances to receive the care that they would need
(Balasubramanian and Jones 2016; Homes, Kaufman, and Pink 2017). This shortage of sufficient
health care and services often has extreme ramifications for rural areas. From 2010 to 2016
alone, it was reported that 65 rural hospitals closed nationwide, and that over 250 were on the
verge of closing due to the financial costs, readmission policies, and performance-based
reimbursements (Balasubramanian and Jones 2016). These hospital closures directly impact the
supply of physicians to individuals in these areas, for if there is no place for the doctors to
practice medicine, they undoubtedly will find work elsewhere.
Other than seeking treatment, a myriad of other health behaviors effect health outcomes,
such as cancer (Blake et al. 2017). Additionally, these health behaviors typically occur at much
greater rates in rural areas such as: smoking or tobacco use, obesity, poor diet, and alcohol
consumption (Doescher et al. 2006; Borders and Booth 2007; Befort, Nazir and Perri 2012;
Singh, Siahpush and Williams 2012; Trivedi et al. 2015). Smoking and tobacco in particular has
been shown to be a risk factor for fifteen different types of cancer and that a quarter of all
mortality rates from cancer can be attributed to smoking (Fenelon and Preston 2012; Ho and Elo
2013). While obesity and lack of physical activity have been linked with many serious chronic
illnesses, including cancer (Yang 2008). Rural areas have higher self-reported obesity among
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residents compared to their urban counterparts, and this only increases with the levels of rurality
(Garcia et al. 2017).
Many of these factors that are associated with cancer incidence vary be place. Devesa et
al. (1999), looked at a period of over four decades and found trends in lung cancer that existed
with regard to race, age, and sex. But more interestingly, they found that higher mortality overall
was concentrated within rural communities, specifically within the rural south of the United
States. This still holds true in more recent studies, where rural regions like the Mississippi Delta
and Appalachia typically have the worst mortality rates and health outcomes compared to the rest
of the United States, especially when it comes to cancer (Zahnd, Jenkins, and Mueller-Luckey
2017; James, Cossman, and Wolf 2018). Another study by Blake et al. (2017), examined cancer
incidence and mortality rates from 2009 to 2013 and found that rurality had a direct effect on
cancer, showing a 2.7% higher incidence rate and 9.6% higher mortality rate within more remote
areas.
Additionally, when examining health disparities in any context, the role that race plays
within inequalities cannot be ignored. Non-white racial groups typically have poorer health
outcomes than whites, due to systemic economic, social, and health policies and programs that
disadvantage them (Denney, Saint Onge, and Dennis 2018). Previous policies and programs
implemented to try to combat these inequalities often only have a modest effect on health
inequities (Assari 2018). One of the more promising policies in recent years is the Affordable
Care Act, which had a significant effect on narrowing the gap that exists for marginalized groups
(Griffith, Evans, and Bor 2017), including rural residents, but has been under fire under the
current presidential administration.
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This work seeks to bridge the gap between the shortage of sufficient health care services,
specifically the supply of physicians to the population, and its effect on cancer mortality in rural
areas. This is a key issue because of the disproportionately low access to health care for rural
Americans (Hall and Owings 2014). This research specifically focuses on the association
between the supply of general and specialist physicians, and their effect on more and less
amenable cancer mortality by place.

METHODS
Data
Mortality data in this study is available from the Centers for Disease Control and
Prevention’s (CDC) Wide-ranging On-line Data for Epidemiologic Research (WONDER)
Program Online Database, specifically from the Compressed Mortality File (CMF). The CMF is
a county-level national population and mortality database that spans the years 1968–2016 (CDC
2017). This data set contains the underlying cause of death that is recorded on the death
certificate of all individuals who died in the United States between 1968 and 2016. Additionally,
the CMF includes the individual’s county and state of residence, along with the year of death, the
age group, sex, and race of the deceased individual at the time of their death.
The dependent variable in this research is 2012–2016 averaged cancer mortality rates for
all counties in the United States, adjusted to the 2000 Standard Million. The years 2012 to 2016
were selected for this paper in order to provide the most recent data available. Five-year averages
are used to provide a sufficient number of cases in small population areas where single years
may not be enough. Furthermore, since most of all cancer deaths within the United States occur
in individuals who are 45 years and older, any cases below this age marker were excluded from
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the data set (Siegel, Miller, and Jemal 2019). Due to concerns regarding the confidentiality of
individuals, the death records from counties used in this study only include those where at least
ten deaths or more took place, as the CDC suppresses information where this is the case (CDC
2017). This is due to the fact that if any number of deaths below ten that take place within a
county, it would be possible to identify the decedent, especially if age, sex, and race were filtered
into the selection. Additionally, in order to ensure reliable results, counties where at least twenty
deaths took place were selected for use. The final data set included approximately 2,939,260
deaths from 3,068 counties, across all fifty states.
For other county-level measurements of social, economic, and population health
variables, the Area Health Resource File (AHRF) 2016 was utilized. The AHRF provides county
level data on health care professions, health facilities, and population characteristics at the
county, state, and national level needed to examine the disparities in health. The CMF and AHRF
data are merged using unique county identifying information, i.e. Federal Information Processing
Standard (FIPS) codes, which are unique to each individual county of the United States.
Measures
The dependent or outcome variable in this study is the county age-adjusted cancer
mortality rate for the 45+ population for the most and least amenable types of cancer. Cancer
mortality rates are measured as the number of deaths from cancer per 100,000 people.
Additionally, age-adjusted rates are used due to that when looking at nationwide, county-level
data, it ensures that there is no cofounding in the results due to differences in age-distributions
between states or counties as there would be if specific crude rates were used. In addition,
cancers were separated into two categories of most amenable and least amenable, since some
types of cancer are more conducive to early detection and treatment from professionals
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compared to others (Tehranifar et al. 2016). The most amenable types of cancer used in this
analysis are melanoma, thyroid, lymphoma, colon, prostate, breast, and bladder cancer. These
specific types are chosen for this variable because they typically are more conducive to early
detection, or respond to treatment better, and typically have lower rates of mortality (Bray et al.
2018). Conversely, for least amenable cancer types used for this research are esophageal,
stomach, liver, brain, myeloma, lung, and pancreatic cancer. These forms of cancer have worse
health outcomes, for they take longer to detect or may not respond to treatment, and
consequently have higher rates of mortality (Bray et al. 2018).
The primary independent or predictor variables for this are the number of physicians per
100,000 people in a given county. Specifically, the types of physicians are grouped into two
distinct categories: primary care physicians and specialty care physicians. For the primary care
physicians, the total number of doctors practicing primary care per 100,000 people in a county
are used for this variable. This variable is used as a measure of the role of preventative care and
medicine has on cancer mortality overall, for often cancer is detected due to preventative
medicine (Tehranifar et al. 2016). For the second independent variable of specialty care
physicians, all doctors that play a role within the treatment of cancer are pooled together. The
types of doctors that make up this variable are radiation oncologists, radiologists, and those in
nuclear medicine. These also are standardized to a rate of per 100,000 people in a county.
Control variables for this study include county level demographic factors (meidan age, percent
with a college education, and percent Black/African American), economic factors (percent
poverty, along with the level of unemployment), and health related factors (obesity prevalence,
physical activity, and the percent disabled).

12

Analytic Approach
Descriptive statistics are first presented in order to summarize the dependent,
independent, and control variables. Next, linear regression analysis is employed separately for
most and least amenable types of cancer mortality for all counties to compare associations of
variables between the two dependent variables. All statistical analysis was conducted using the
SPSS, Version 26 software. Next, the cases of mortality rates for both most and least amenable
will be split between urban and rural counties in order to discover disparities that exist by
geographic context. The independent and control variables will be split across five models for
both dependent variables. The first model illustrates the relationship between the supply of
physicians with population mortality. Next, the second model showcases demographic variables
which consist of age, those with at least a college education, and the percentage of African
Americans per county. The race variable is critical to have regarding racial disparities in cancer,
as is commonly done in other mortality disparities research (Albano et al. 2007; Masters et al.
2014; Cossman et al. 2017). The third model introduces controls for the economic variables of
the percentage of those in poverty and unemployed. The fourth model includes health variables
which relate to obesity, physical activity, and smoking level. The final model is a full model
which includes all variables introduced before.
RESULTS
The cancer mortality rate in the United States is 496.8 per 100,000 people for every
single cancer type pooled together, according to Table 1. The mean of least amenable cancer
mortality is 1.4 times higher than the most amenable cancer mortality, 228.2 compared to 159.6
per 100,000. The standard deviation for least amenable cancer mortality is higher due to the fact
that these cancers are more likely to be detected late, to not respond to treatment and more likely
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to kill, increasing their variability. The lowest rate of the least amenable cancer 80.1, is in Pitkin
County, Colorado and the highest rate of mortality, 612.9, is in Union County, Florida. The
lowest rate of most amenable cancer, 59.5, is in Summit County, Colorado, while the highest,
360.3, is in Beaver County, Utah.
Table 1. Descriptive Statistics for Most and Least Amenable Cancer Mortality Rates per
100,000 in United States County
Variable
Min.
Max.
Mean
Std. Dev.
Overall Cancer Mortality
Least Amenable Mortality
Urban
Rural
Most Amenable Mortality
Urban
Rural

176.2
80.1
97.2
80.1
59.5
96.6
59.5

1233.8
612.9
400.3
612.9
360.3
252.8
360.3

496.8
228.2
221.8
232.3
159.6
154.6
163.1

82.6
46.9
40.1
49.7
25.2
19.3
27.7

The highest rates of cancer mortality are specifically clustered in counties in the Southern
United States, specifically across the Mississippi Delta and Appalachia, which is displayed in
Figure 1. The lowest rates of mortality are concentrated in counties in the Western United States.
Figure 1. Overall Cancer Mortality by County
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The highest rates of mortality for the least amenable types are heavily concentrated in the
Southern United States, which are displayed in Figure 2. The lowest levels of mortality for these
types of cancer are primarily situated in the Western United States. High mortality from most
amenable cancer types found primarily in the Midwest and Southern Regions and are displayed
in Figure 3 in the Appendix.
Figure 2. Cancer Mortality of Least Amenable Cancer Types by County

According to Table 2, when specifically comparing the differences between urban and
rural areas, urban areas on average have approximately 1.27 times the rate of primary care
physicians per 100,000 people compared to rural counties. For specialist physicians, urban
counties have 3.52 times the rate of physicians to that rural areas. Regarding differences between
the rate of primary and specialty care physicians by place, there are sharp variances among the
two. Urban areas see an average of 60.6 primary care physicians per 100,000 people compared to
12.7 cancer specialists per 100,000, almost a five to one ratio. For rural areas, the differences are
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even more pronounced. Rural areas see on average see 47.6 primary care physicians per 100,000
people, while the rate of cancer specialists is 3.6 per 100,000. This means that rural areas have
13.22 times the number of primary care doctors available relative to the number of cancer
specialists.
Table 2. Descriptive Statistics for Physician Supply (per 100,000), Demographic, Economic,
and Health-related Variables in United States Counties
Variable
Min.
Max.
Mean
Std. Dev.
Primary Care Physician
Urban
Rural
Specialty Care Physician
Urban
Rural
Black, %
Median Age
College Educated, %
Poverty, %
Unemployment, %
Obesity, %
Physical Activity, %
Disability, %

0
0

468.8
423.9

60.6
47.6

38.0
32.4

0
0
0
22.4
2.6
3.2
1.8
18.6
31.5
10.2

334.1
129.2
85.7
62.7
75.1
47.4
24.0
53.0
75.1
56.7

12.7
3.6
8.9
40.4
20.1
16.9
5.5
38.0
51.5
26.3

20.9
7.6
14.6
5.0
8.9
6.4
1.9
4.3
6.5
5.5

Table 3 introduces the first of ten total regression models in this paper (two per table, one
rural and one urban). For this first model, and the others to follow, include unstandardized
coefficients, along with standard errors and R-squared values, and significance levels that range
from p < .10 to p < .001. The first model examines the baseline relationship between the
physician predictor variables and the outcome of cancer mortality for least amenable cancer
mortality and for most amenable cancer mortality. For most amenable cancer mortality, it shows
a statistically significant association for primary care physicians in urban areas and specialty care
physicians in rural areas at the .001 level. Both display a negative relationship, signifying that for
each additional doctor per 100,000 people in a given county predicts a decline in the mortality
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rate. For least amenable cancer mortality, there is a statistically significant association for the
supply of primary care physicians in both urban and rural areas, but not for specialty care
physicians.
Table 3. OLS Regression of 2012–2016 Cancer Mortality Rates per 100,000 Regressed on
Physician Supply Variables
Variable
Least Amenable
Most Amenable
Cancer Mortality Rate
Cancer Mortality Rate
Urban
Rural
Urban
Rural
Constant
Primary Care Physician
Specialty Care Physician

241.498***
(2.436)
-.356***
(.047)
.155
(.085)

R–Square
.077
*p < .10; ** p < .05; *** p < .001

250.866***
(2.303)
-.378***
(.044)
.039
(.182)

159.923***
(1.218)
-.092***
(.023)
.026
(.042)

166.198***
(1.375)
-.033
(.027)
-.358***
(.105)

.049

.026

.013

The next set of models in Table 4 include primary and specialist physicians, demographic
variables and their relationships with the least and most amenable cancer mortality, split by
urban and rural classifications. Turning first to most amenable cancer mortality, when controlling
for race, age, and education, the number of cancer specialists in a county is negatively associated
with the mortality rate at statistically significant levels, for both urban and rural places. As the
number of specialists increase in a county, the mortality from more treatable forms of cancer
decreases. This is also the case for primary care physicians in urban areas. Concerning the less
treatable forms of cancer, there exists a positive association between primary care physicians in
urban areas and specialty care physicians in rural areas, contrary to expected directionality.
Across all models, the percent African American and college education variables are statistically
significant, and have a positive and negative relationship with mortality, respectively. For every
increase in the percentage of African Americans in a county, there is a predicted rise in both
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types of mortality, across urban and rural areas, with the increase being greatest for the least
amenable cancer mortality. Focusing specifically on college education, the magnitude of the
relationship is greater in rural areas than urban areas for both types of cancer mortality.
Interestingly, age was not significant across any model and had no relationship with mortality.
Table 4. OLS Regression of 2012–2016 Cancer Mortality Rates per 100,000 Regressed on
Demographic Variables in United States Counties, Split by Urban and Rural
Variable
Least Amenable
Most Amenable
Cancer Mortality Rate
Cancer Mortality Rate

Constant
Primary Care Physician
Specialty Care Physician
Percent Black
Age
Percent College Education

Urban

Rural

Urban

Rural

253.296***
(10.090)
.125**
(.045)
.040
(.073)
.524***
(.073)
.369
(.233)
-2.418***
(.123)

280.433***
(9.925)
-.036
(.043)
.641***
(.165)
.455***
(.070)
.200
(.224)
-3.570***
(.186)

137.341***
(14.506)
-.058**
(.019)
-.133***
(.041)
.323***
(.040)
.024
(.127)
-.767***
(.067)

178.951***
(6.300)
.085**
(.028)
-.230**
(.104)
.311***
(.044)
-.152
(.142)
-.910***
(.118)

0.252

0.186

.088

R–Square
0.356
*p < .10; ** p < .05; *** p < .001

In Table 5, I focus on primary and specialty physicians, economic control variables and
their relationship on urban and rural cancer mortality. The economic variables introduced are the
level of unemployment and percent in poverty. After introducing economic controls, there were
many changes in the physician variables from the previous model. To the least treatable forms of
cancer, there still remained a significant association between primary care physician supply in
urban areas, but it changed from a positive to negative association. For rural areas, specialty care
physicians lost their significance, but primary care physicians were found to be negative and
statistically significant as well. Most amenable cancer mortality in rural areas lost their
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significance between primary care physicians and mortality, whereas there remained a negative
association regarding the supply of specialty care physicians. Urban areas saw primary care
physicians maintain a negative relationship with mortality, whereas specialty care physicians lost
statistical significance. The percent in poverty variable is positive and statistically significant
across all models. For rural counties compared to urban counties, the differences are more
pronounced. A one percent increase in the poverty variable will result in an increase of 2.181 in
least amenable cancer mortality in rural areas, whereas urban areas have an increase of 2.261.
The same is true for most amenable cancer mortality, where rural areas show an increase of
1.011 for every one percent increase in poverty, while urban areas see an increase of .855. The
unemployment level was only significant regarding the deadlier forms of cancer, both with
positive associations, and rural areas having a higher level of statistical significance. This means
that the health effects of being unemployed are most pronounced in rural places for those with
the most serious diagnoses.
Table 5. OLS Regression of 2012–2016 Cancer Mortality Rates per 100,000 Regressed on
Economic Variables in United States Counties, Split by Urban and Rural
Variable
Least Amenable
Most Amenable
Cancer Mortality Rate
Cancer Mortality Rate

Constant
Primary Care Physician
Specialty Care Physician
Percent Poverty
Unemployment

Urban

Rural

Urban

Rural

192.091***
(4.882)
-.227***
(.045)
.003
(.081)
2.261***
(.241)
1.907**
(.825)

180.058***
(4.264)
-.235***
(.041)
.108
(.165)
2.181***
(.217)
4.029***
(.694)

142.696***
(2.519)
-.044*
(.023)
-.035
(.041)
.855***
(.125)
.417
(.425)

146.606***
(2.711)
.012
(.027)
-.330***
(.103)
1.011***
(.136)
-.226
(.436)

0.216

0.090

.062

R–Square
0.195
*p < .10; ** p < .05; *** p < .001
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Results for the relationship between primary and specialist physicians on rural and urban
mortality, controlling for health variables, are given in Table 6. The supply of physicians
maintain a significant association with most amenable cancer mortality, with positive
relationships between supply of primary care physicians for both urban and rural areas, and a
negative relationship with specialty care physicians in only rural areas. Regarding least amenable
cancer mortality, the supply of primary care physicians in urban areas and specialty care in rural
areas remain significant, positive relationships. Obesity prevalence is associated with a positive
increase in mortality in urban counties for most and least amenable cancer types, along with rural
counties for most amenable types of cancer. Next, physical activity is significant for least
amenable cancer types in both urban and rural counties. For every increase in the proportion of
those physically active within urban and rural counties, the mortality rate declines by 2.217 and
2.922, respectively. Whereas in looking at more treatable forms of cancer, there is only an
association in urban counties, with a decrease of .359. Lastly, percent disabled is positive and
significant for both cancer types across both urban and rural counties.
Table 6. OLS Regression of 2012–2016 Cancer Mortality Rates per 100,000 Regressed on
Health Variables in United States Counties, Split by Urban and Rural
Variable
Least Amenable
Most Amenable
Cancer Mortality Rate
Cancer Mortality Rate

Constant
Primary Care Physician
Specialty Care Physician
Percent Obese
Percent Physical Activity
Percent Disabled

Urban

Rural

Urban

Rural

218.880***
(25.982)
.076*
(.040)
-.056
(.066)
1.564***
(.371)
-2.217***
(.253)
2.358***
(.280)

292.309***
(31.401)
-.006
(.039)
.396**
(.150)
.718
(.450)
-2.922***
(.295)
2.087***
(.280)

112.933***
(15.248)
.058**
(.024)
-.035
(.039)
1.093***
(.217)
-.359**
(.149)
.696***
(.166)

107.212***
(21.166)
.093**
(.028)
-.236**
(.102)
1.422***
(.304)
-.273
(.199)
.381**
(.151)
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Table 6 (Continued)
R–Square
0.450
*p < .10; ** p < .05; *** p < .001

0.364

0.186

.097

The full model contains, all physician, demographic, economic, and health-related
variables. Turning first to the physician supply variables, there are some findings that remain
consistent. Less treatable cancer mortality still shows a positive association with primary care
physicians in urban areas similar to previous models except for model 3. Rural areas maintain a
positive association with specialty care physicians, similar to models 2 and 4. Primary care
physicians in both urban and rural areas sustain a positive relationship with the mortality from
the most amenable types of cancer. For the supply of specialty care physicians in rural counties,
there still remains a negative relationship with most amenable cancer mortality, the most robust
relationship across all models. Next, unlike in Table 4, where the age variable held no
significance with mortality, in this full model, age is significant for the least treatable forms of
cancer. Specifically, there is a positive relationship between age and mortality, meaning that for
every increase in the median age of the county, there is a predicted .957 rise in the mortality rate
in urban areas and a sharper rise in rural areas of 1.572. The variable for college education once
again consistently shows a negative relationship with mortality across all areas and cancer types.
The percentage of African Americans in a county is significant across all models except one,
which is least amenable cancer mortality in urban areas. Aside from this, this variable concerning
race shows that there is a significant, positive relationship with mortality, the most substantial
and pronounced being in rural areas of .452 per every one percent increase. For both the poverty
level and unemployment, the relationships are only significant, and positive in rural areas for
both cancer mortality rates. Moving on, physical activity is significant across all but the most
amenable cancers in rural areas. However, when looking at the less treatable forms of cancer in
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rural counties, increases in physical activity are associated with a 3.444 decline in the mortality
rate. Finally, when looking at the models as a whole, when comparing urban and rural areas
under their categories of least amenable and most amenable cancer mortality, rural counties had
far more significant associations than their urban counterparts, highlighting the impact of rurality
with regards to health.
Table 7. OLS Regression of 2012–2016 Cancer Mortality Rates per 100,000 Regressed on All
Variables in United States Counties, Split by Urban and Rural
Variable
Least Amenable
Most Amenable
Cancer Mortality Rate
Cancer Mortality Rate

Constant
Primary Care Physician
Specialty Care Physician
Percent Black
Age
Percent College Education
Percent Poverty
Unemployment
Percent Obese
Percent Physical Activity

Urban

Rural

Urban

Rural

298.385***
(30.420)
.138**
(.042)
-.029
(.068)
.012
(.087)
.957***
(.238)
-.949***
(.186)
.381
(.252)
-.868
(.715)
1.132**
(.452)
-2.680***
(.245)

280.044***
(34.253)
.017
(.039)
.585***
(.150)
.452***
(.087)
1.572***
(.226)
-.701**
(.237)
.874***
(.246)
2.126**
(.645)
1.154**
(.548)
-3.444***
(.291)

163.223***
(17.742)
.082**
(.025)
-.053
(.039)
.233***
(.051)
.135
(.139)
-.513***
(.108)
.071
(.147)
-.359
(.418)
.419
(.264)
-.401**
(.143)

135.242***
(23.579)
.093**
(.028)
-.204**
(.104)
.134**
(.060)
.198
(.158)
-.409**
(.168)
.379**
(.171)
.917**
(.451)
.873**
(.379)
-.278
(.200)

0.388

0.201

0.102

R–Square
0.452
*p < .10; ** p < .05; *** p < .001

Table 8 displays a summary of the unstandardized regression coefficients for physician
supply variables across all models. Rural areas for more treatable forms of cancer saw a
consistent decrease in mortality as there was an increase in the supply of specialist care relative
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to the population. This is the most robust finding in these results. Concerning the less treatable
cancers, rural areas saw mixed results. Primary care showed a negative relationship in the first
and third model, and specialist care showed a positive association in the second, fourth and final
model. Urban areas consistently saw a significant association for primary care physicians
regarding both types of cancer mortality, with varied results. Deadlier types of cancer in urban
areas saw a negative association in the initial model and in the third, but changed to a positive
relationship in the remaining models. The more amenable cancer types saw a negative
association in the first three models with primary care, and positive for the final two. Specialist
care in urban areas only was significant in the model introducing demographic controls.

Table 8. Summary of Physician Supply Coefficients
Variable
Least Amenable
Cancer Mortality Rate

Most Amenable
Cancer Mortality Rate

Urban

Rural

Urban

Rural

Model 1
Primary Care Physician
Specialty Care Physician

-.356***
.155

-.378***
.039

-.092***
.026

-.033
-.358***

Model 2
Primary Care Physician
Specialty Care Physician

.125**
.040

-.036
.641***

-.058**
-.133***

.085**
-.230**

Model 3
Primary Care Physician
Specialty Care Physician

-.227***
.003

-.235***
.108

-.044*
-.035

.012
-.330***

Model 4
Primary Care Physician
Specialty Care Physician

.076*
-.056

-.006
.396**

.058**
-.035

.093**
-.236**

.017
.585***

.082**
-.053

.093**
-.204**

Model 5
Primary Care Physician
.138**
Specialty Care Physician -.029
*p < .10; ** p < .05; *** p < .001
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DISCUSSION
This paper examines associations between the supply of primary and specialty care
physicians on categories of more and less treatable forms of cancer mortality in rural and urban
counties in the United States, which, to my knowledge, has never been done in the current
literature. To do this, I not only looked at physician supply, but also demographic, economic, and
health-related predictors of cancer mortality in an effort to determine how robust the physician
supply-mortality relationship is across space. For cancer mortality, given that specific types of
cancer are more and less susceptible to early detection and treatment, I opted to separate them
into two categories, based on level of amenability to treatment (Tehranifar et al. 2016; Bray et al.
2018). I found that physician supply in counties does have an impact on the mortality rate of
cancer, but this differed tremendously based on urban/rural classification and treatability of
disease.
The series of models presented in this thesis provide mixed results, ranging from
inconsistent, to unexpected, to expected and robust. In order to understand the big picture of this
analysis, I begin with a summary of model 1, which will then be compared to subsequent models
to put the overall findings into context. Model 1, which analyzes the direct effects of physician
supply on mortality across place, confirms that primary care reduces mortality for everyone;
regardless of the amenability to treatment or whether residing in rural or urban places. With these
deadlier forms of cancer, early detection is the key, emphasizing the critical importance of
preventive medicine and its impact on health outcomes (Charlton et al. 2015). Specialist supply,
on the other hand, only improves mortality in rural places for the most treatable cancers. This
finding establishes a clear difference between the importance of primary and specialist care for
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population health in the U.S. However, important changes occur once socioeconomic,
demographic, and health behavior variables are introduced.
Models 2 through 5 confirm that the relationship between physician supply and cancer
mortality changes in expected and unexpected ways after introducing a series of other variables.
First, concerning mortality from the more treatable forms of cancer, rural areas consistently saw
a decrease in mortality as there was an increase in the supply of cancer specialists relative to the
population. This is the single most robust finding in this study, and is strong evidence pointing to
the need for specialist care in rural America. When analyzing the less detectable, deadlier forms
of cancer the opposite effect occurred, there was a rise in mortality with an increase in the supply
of specialty care physicians, which seems contradictory. However, this is true only for rural
places. Rural areas have a lower number of specialists relative to their population compared to
urban areas (Fordyce et al. 2007; Burrows et al. 2012; Fenelon 2013), so it could be the case that
rural counties have so few specialists that they may be unable to effectively treat patients of
deadlier forms of cancer. It is also possible that the few rural areas with specialists see
disproportionately more patients that have a low likelihood of survival, thereby driving up the
mortality rates. Previous research has supported this, due to that very few cancer specialists’
practice in rural areas (Kirkwood et al. 2014). Moreover, rural regions typically have fewer
hospitals present in a given county, and those that are present are often smaller and do not have
much investment in specialty care (Kirkwood et al. 2014; Ward et al. 2014). This highlights the
importance of improving the healthcare infrastructure within rural areas, given that cancer
incidence, survival and treatment are often negatively impacted by rural residence (Meilleur et
al. 2013).
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A second robust finding comes with one important caveat. With the exception of the
direct effect in model 1, the relationship between primary care and least amenable cancer
mortality is positive in urban areas throughout models 2 through 5, suggesting that after
controlling for societal and behavioral factors the ability of primary care to reduce dangerous
cancers goes away in urban spaces. This is an unexpected result, and is contrary to conventional
thought, but it may simply indicate that in the case of serious diagnoses, specialty care is more
important. However, the importance of specialty care in urban places does not arise in these
models either.
These are noteworthy findings, for they show a fundamental difference in predictors of
mortality between urban and rural areas. This finding is especially interesting given the fact that
urban areas typically see a much higher proportion of specialists compared to rural hospitals,
making the travel time and travel-related barriers not as pronounced (Fordyce et al. 2007;
Charlton et al. 2015). Similarly, one would expect a decline in the rate of cancer mortality in
urban areas with the additional specialists there are in each county, particularly given that urban
areas typically have major hospital complexes and research centers devoted to the study and
treatment of cancer. Ultimately, these findings should prompt further research into the
association of physician supply with population mortality in urban areas.
The role that race plays in the inequities of mortality is quite important, and a key finding
of this study. In the analysis of demographic predictors, it showed that the higher the proportion
of African Americans within a given county, the higher the mortality rate. This finding was
expected and has been supported in numerous prior studies (Cossman et al. 2017; Singh and
Jemal 2017; Denney et al. 2018; Johnson et 2018). Moreover, in the full model, it showed a
significant association for the types of cancer that were far more detectable and treatable,
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opposed to those that are not. This result is noteworthy for it is in line with previous research
(Tehranifar et al. 2016) and shows that due to the systemic, institutionalized forms of racism and
discrimination that are prevalent in society still exist today, people who are appear to have lower
likelihood of survival.
The magnitude of the race and mortality association is strongest in rural places for least
amenable cancers. This implies, perhaps, a double penalty that black individuals incur, one for
the color of their skin, and another for living in a rural area. The rural mortality penalty, or rural
disadvantage that individuals suffer from living in these sparsely populated communities is felt
even greater for minority populations. This continues to be a fundamental need for policymakers
to address, that is, the inequity of health care for minority populations in rural America.
The percent of those with a college education was one of the strongest predictors of both
categorizations of mortality. The notion that if someone is better educated, that they are able to
make better decisions with regard to their health and health behaviors is something that is
overwhelmingly documented in the literature on mortality (Albano et al. 2007; Probst et al. 2011;
Olshansky et al. 2012). When controlling for demographic characteristics, college education was
significant for both urban and rural areas, with rural counties seeing decrease in the mortality
rate, along with urban areas. However, when controlling for demographic, economic, and health
related variables together in the final analysis, it reflected that urban areas saw a greater benefit
than rural areas. This again goes back to the rural disadvantage that occurs in rural communities.
When looking at several determinants of health in a society, rural areas simply are behind their
urban counterparts in a myriad of ways and are more negatively impacted by systemic issues. For
instance, the final model shows that other economic determinants, such as poverty and
unemployment show a significant, positive relationship with morality only in rural counites, not
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urban. This too brings to the forefront an important policy issue for rural America. The
infrastructure of rural healthcare is on shaky ground, to say the least, and their economic
situations in peril. Many rural communities are crumbling and this is more evidence of that fact.
Such policy changes could include investments in hospital centers and their available types of
care for those afflicted with chronic diseases such as cancer, along with more social safety nets
to provide them the means to afford going to these centers. Moreover, initiatives that educate
communities on better health behaviors should be implemented as well, to avoid the exacerbation
of chronic health conditions as well.
Ultimately, it is clear from this research that socioeconomic predictors of health are
significant in rural areas more so than urban areas. With the shortage of physicians, largely
specialists, in rural America (Charlton et al. 2015; Basu et al. 2019), along with the
socioeconomic depravation that these communities face (Gong et al. 2019), there exist major
disparities in health. This means that to fix health in rural America it requires more specialist
physicians, but also additional non-medical, social and economic advancements to help people
out too. Policy efforts should aim at employing improvements that will address these inequities
to help alleviate the penalty that rural residents face.
Limitations
The findings in this study should be interpreted with some limitations. One minor
limitation of this research is that it does not include each county in the United States for analysis,
due to confidentiality concerns of individuals who are deceased, for the CDC suppresses the
information of counties that have less than a specific number of deaths (CDC 2017). Thus, only
very small counties are omitted. Also, since this research specifically focuses on specific types of
cancers, that also could have affected the number of counties utilized for final analysis that may
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not have a sufficient number of deaths for that cause in recent years. Next, this study did not
consider more contextual or individual level socioeconomic variables, such as insurance status.
Future research on physician supply’s effect on population mortality should include economic
variables that include private insurance, Medicare, or Medicaid. This is because individuals are
often more or less likely to seek out medical or health-related services based on their insurance
status or health coverage (Ziller et al. 2010).
This study looks at the cancer mortality of specific types of cancers, that are grouped into
two different categories, most amenable and less amenable, with seven types of cancers in each
category for a total of fourteen different types. Looking at cancer mortality in this way provides a
unique insight; however, it does not account for all types of cancer. Examining the role of
physician supply on overall cancer mortality, or even all-cause mortality may unlock more
insights into the true impact that physicians make in a given county. Furthermore, the cancer
mortality rate utilized in this study are for those who are aged forty-five and older due to the fact
that a majority of cancer deaths occur in this age grouping (Siegel et al. 2019), and thus does not
account for younger individuals and the impact physician concentration makes in that regard.
This is something that future research should explore, given that there are many cancers that
occur specifically in those who are of younger ages.
This paper also attempts to capture the relationships that exist between demographic,
economic, and health-related variables and their impact on cancer mortality. In specific regard to
race, the variable used is the percent of African Americans in a given county. This oversimplifies
the variation between racial groups, as well as excludes the other racial groups such as Hispanic,
Asian American, and Native American from analysis. For the latter two racial groups, finding
counties with representative populations for analysis could prove to be problematic to explore
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and examine racial disparities that exist with regard to cancer mortality. Future research should
focus on the inclusion of racial groups into more analyses to examine mortality trends of cancer
across all racial and ethnic backgrounds.
Conclusion
I find that there are fundamental disparities between urban and rural areas regarding
cancer mortality. The need for specialist care in rural counties is paramount, as it is associated
with reduced mortality due to manageable cancers. This would potentially be a life changing
situation for millions of rural Americans. Additionally, it is clear that more socioeconomic
variables included in the analysis are associated with rural counties than urban in each model.
For rural areas, it is critical to have a concerted effort on the proximal and distal determinants of
mortality as it is clear that where an individual lives makes a considerable difference in their
health. Individuals in rural areas are penalized for a myriad of different factors, ranging from
their age, to poverty, to education. However, what they are penalized for the most is the place
that they are living in, and the systemic problems associated with that It is imperative that further
examinations of rural health are produced in order to address the large, systemic issues that are
permeated in society.
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